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Resumo$ EXVFD SRUPHWRGRORJLDV H WHFQRORJLDV GH WUDWDPHQWR GH iJXDV TXH SRVVLELOLWHP UHPRomR H¿FLHQWH
RX D FRPSOHWDPLQHUDOL]DomRGHSROXHQWHVRUJkQLFRV WHP VLGR FUHVFHQWH$VVLPRSUHVHQWH WUDEDOKRREMHWLYRX
avaliar a atividade fotocatalítica GH QDQRSDUWtFXODV GH +LGUR[LDSDWLWD +$3 &D3262+ LQLFLDOPHQWHSXUDVQDGHJUDGDomRGRSHVWLFLGD$WUD]LQDHSRVWHULRUPHQWHLPSUHJQDGDVFRPÏ[LGRGH1LyELR1EO5D¿PGHYHUL¿FDU VH RQDQRFRPSyVLWR DVVLPREWLGRSRVVLELOLWDULD RWLPL]DomRQRSURFHVVR fotocatalítico do pesticida 
VXSUDFLWDGR2VWHVWHVGHGHJUDGDomRIRUDPFRQGX]LGRVHPVROXomRDTXRVDGH$WUD]LQDHPSUHVHQoDGHDPRVWUDV
GH+$3FRSUHFLSLWDGDHKLGURWHUPDOL]DGDSRUKHK1EO5REWLGRYLDPpWRGRGRVSUHFXUVRUHVSROLPpULFRVHKLGURWpUPLFRHGHQDQRFRPSyVLWRVFRPGLIHUHQWHVUHODo}HVGHPDVVDGH+$31EO5REWLGRVSHORVPpWRGRVGRVSUHFXUVRUHVSROLPpULFRVHKLGURWHUPDOHPGLIHUHQWHVTXDQWLGDGHVHPPDVVD2VUHVXOWDGRVREWLGRVPRVWUDUDPTXH
IRUDPREWLGDVQDQRSDUWtFXODVGH+$3SRUFRSUHFLSLWDomRHGH1EO5SHORPpWRGRGRVSUHFXUVRUHVSROLPpULFRVHKLGURWHUPDOPRQRIiVLFDVHFULVWDOLQDVVHQGRSDVVtYHLVGHDSOLFDomRHPIRWRFDWiOLVHKHWHURJrQHDSDUDDGHJUDGDomR
GD$WUD]LQD)RLSRVVtYHODREWHQomRGRVFRPSyVLWRVFRPGLIHUHQWHVUHODo}HVGHPDVVDGH+$31EO5SHORPpWRGRGRVSUHFXUVRUHVSROLPpULFRVHSRUKLGURWHUPDOL]DomRVHQGRTXHHVWHVDSUHVHQWDUDPH¿FLrQFLDLQIHULRUj+$3HDR
1EO5SXURVLQWHWL]DGRSRUHVWHVPpWRGRV
Palavras-chaveKLGUR[LDSDWLWDSHQWy[LGRGHQLyELRDWUD]LQDSHVWLFLGDIRWRFDWDOLVDGRUHV
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 NANOCOMPOSITE FOR APPLICATION IN PHOTODEGRA-
DATION OF PESTICIDES
Abstract: 7KH IROORZIRUPHWKRGVDQGZDWHU WUHDWPHQW WHFKQRORJLHV WKDWHQDEOHHI¿FLHQW UHPRYDORUFRPSOHWH
PLQHUDOL]DWLRQRIRUJDQLFSROOXWDQWVKDYHEHHQLQFUHDVLQJ7KXVWKHSUHVHQWVWXG\DLPHGWRHYDOXDWHWKHSKRWRFDWDO\WLF
DFWLYLW\RIQDQRSDUWLFOHVRIK\GUR[\DSDWLWH+$3&D3262+LQLWLDOO\SXUHRQGHJUDGDWLRQRIWKHSHVWLFLGH$WUD]LQH DQG VXEVHTXHQWO\ LPSUHJQDWHGZLWK1LRELXP2[LGH 1EO5 LQ RUGHU WR YHULI\ LI WKH QDQRFRPSRVLWHREWDLQHGHQDEOHRSWLPL]DWLRQLQSKRWRFDWDO\WLFSURFHVVRIWKHSHVWLFLGH7KHGHJUDGDWLRQWHVWVZHUHFRQGXFWHGLQ
DTXHRXVVROXWLRQRIDWUD]LQHZLWKWKHSUHVHQFHRIVDPSOHVRI+$3FRSUHFLSLWHGDQGK\GURWKHUPDOL]HGIRUK
DQGK1EO5SURGXFHGE\K\GURWKHUPDODQGSRO\PHULFSUHFXUVRUVPHWKRGVDQGQDQRFRPSRVLWHVZLWKYDULRXVZHLJKWUDWLRVRI+$31EO5REWDLQHGE\WKHSRO\PHULFSUHFXUVRUVDQGK\GURWKHUPDOPHWKRGVLQGLIIHUHQWZHLJKWSURSRUWLRQV7KHUHVXOWVVKRZHGWKDW+$3QDQRSDUWLFOHVZHUHREWDLQHGE\FRSUHFLSLWDWLRQDQG1EO5E\SRO\PHULFSUHFXUVRUVDQGK\GURWKHUPDOPHWKRGVVLQJOHSKDVHDQGFU\VWDOOLQHEHLQJFDSDEOHRIDSSOLFDWLRQLQKHWHURJHQHRXV
SKRWRFDWDO\VLV IRU WKHGHJUDGDWLRQRI$WUD]LQH:HUHSRVVLEOHREWDLQ WKHFRPSRVLWHVZLWKGLIIHUHQWPDVV+$3
1EO5E\SRO\PHULFSUHFXUVRUVDQGK\GURWKHUPDOPHWKRGVDQGWKHVHKDGVLJQL¿FDQWO\ORZHUHI¿FLHQF\WKDQSXUH+$3DQG1EO5V\QWKHVL]HGE\WKHVHPHWKRGV
Keywords: K\GUR[\DSDWLWHQLRELXPSHQWR[LGHDWUD]LQHSHVWLFLGHSKRWRFDWDO\VWV
1. Introdução
2VSHVWLFLGDVVmRFRQVLGHUDGRVFRPRDVHJXQGDPDLRUIRQWHGHFRQWDPLQDomRGHiJXDSRWiYHOQRVSDtVHV
HPGHVHQYROYLPHQWR5,%(,52et al.,
$$WUD]LQDpXPKHUELFLGDVLQWpWLFRXWLOL]DGRQDDJULFXOWXUDSDUDRFRQWUROHGHHUYDVGDQLQKDV5(=(1'(
HWDOHPFXOWXUDVFRPRFDQDGHDo~FDUVRMDPLOKRDOJRGmRIHLMmRHWF5(=(1'(HWDOH6$1-
7$1$et al.,
7DQWRD$WUD]LQDFRPRVHXVSURGXWRVGHGHJUDGDomRSRUUDGLDomRXOWUDYLROHWDVmRGHHOHYDGDWR[LFLGDGH
SDUDRVVHUHVYLYRV6$17$1$et al.,HVmRFODVVL¿FDGRVDPELHQWDOPHQWHFRPRPLFURSROXHQWHV5(=(1-
'(HWDO
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$KLGUR[LDSDWLWDpXPSyEUDQFRGHIyUPXODHVWHTXLRPpWULFD&D3262+HUD]mR&D3LJXDODVHQGRRIRVIDWRGHFiOFLRPDLVHVWiYHOHPHQRVVRO~YHOGHWRGRV&267$et al.,3RVVXLVtWLRViFLGRVUHSUH-
VHQWDGRVSHORVtRQV&DHVtWLRVEiVLFRVUHSUHVHQWDGRVSHORVtRQV32HPXPD~QLFDFHODGDHVWUXWXUDFULVWDOLQD.,%%<DQG+$//RTXHIDYRUHFHVXDDSOLFDomRHPIRWRFDWiOLVH
2y[LGRGHQLyELR1EO5pXPVHPLFRQGXWRUTXHDSUHVHQWDJUDQGHDEVRUomRGHHQHUJLDQDUHJLmRGRXOWUDYLROHWDSRGHQGRLQFOXVLYHVHUXWLOL]DGRQDSURWHomRGHPDWHULDLVVHQVtYHLVDHVWDUDGLDomR2%UDVLOpRPDLRU
SURGXWRUPXQGLDOGHQLyELRHFRPRGHVWDFD1(9(6-5RQLyELRGHYLGRjVVXDVSURSULHGDGHVItVLFDVH
TXtPLFDVWHPVHDSUHVHQWDGRXPPDWHULDOLQWHUHVVDQWHSDUDFDWiOLVH(VSHFLDOPHQWHR1EO5 tem apresentado boa UHVSRVWDSDUDIRWRGHJUDGDomRGHPROpFXODVFRPJUXSRVIHQyOLFRV.$581$.$5$1DQG'+$1$/$.6+0,

2SUHVHQWHWUDEDOKRWHYHFRPRREMHWLYRVLQWHWL]DUFDUDFWHUL]DUHDYDOLDUDDWLYLGDGHfotocatalítica de na-
QRSDUWtFXODVGH+LGUR[LDSDWLWD+$S&D3262+LQLFLDOPHQWHSXUDVQDGHJUDGDomRGRSHVWLFLGD$WUD]LQDHSRVWHULRUPHQWHLPSUHJQDGDVFRPÏ[LGRGH1LyELR1EO5D¿PGHYHUL¿FDUVHHVWDLPSUHJQDomRUHVXOWDHPXPDRWLPL]DomRQRSURFHVVRfotocatalíticoGRSHVWLFLGDVXSUDFLWDGR
2SURFHVVRGHIRWRGHJUDGDomRREMHWLYDGREDVHRXVHQRV3URFHVVRV2[LGDWLYRV$YDQoDGRV32$VHP
TXHKiDJHUDomRGHUDGLFDLVOLYUHVDOWDPHQWHR[LGDQWHVTXHOHYDPDTXHEUDVVXFHVVLYDVGDHVWUXWXUDRUJkQLFDGR
VXEVWUDWRLQLFLDODWpVXDFRPSOHWDPLQHUDOL]DomRRXSURGXomRGHSURGXWRVDWy[LFRV5,%(,52et al.,1HVWH
VHQWLGRIRWRFDWDOLVDGRUHVHPHVFDODQDQRPpWULFDVmREDVWDQWHLQWHUHVVDQWHVGHYLGRjVXDDOWDiUHDVXSHU¿FLDOHVSH-
Ft¿FDXPDYH]TXHDHIHWLYLGDGHGRSURFHVVRFDWDOtWLFRHPFDWiOLVHKHWHURJrQHDGHSHQGHGLUHWDPHQWHGHVWHIDWRU
5,%(,52et al.,
2. Materiais e Métodos
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$REWHQomRGH1EO5YLDPpWRGRGRVSUHFXUVRUHVSROLPpULFRVVHGHXSRUPHLRGHUHDomRHQWUH&RPSOH[R$PRQLDFDO1+>1E2&OHO]HOnHÈFLGR&tWULFRVHJXLGDGHDGLomRGH(WLOHQRJOLFROVREDJLWDomRjWHPSH-UDWXUDGHDSUR[LPDGDPHQWH&$SyVLVWRDYLVFRVLGDGHGRSROLpVWHUREWLGRIRLDMXVWDGDHPF3(VWDUHVLQD
IRLHQWmRWUDWDGDWHUPLFDPHQWHj&KHSRVWHULRUPHQWHj&K
1EO5IRLREWLGRWDPEpPSRUPHLRGRPpWRGRKLGURWHUPDOTXHFRQVLVWLXQDDGLomRGHP/GHVROXomR1+2+jXPDVROXomRGH&RPSOH[R$PRQLDFDO1+>1E2&OHO]HOnVREDJLWDomR7DOPLVWXUDUHDFLRQDOIRL WUDWDGDWHUPLFDPHQWHSRUKVREWHPSHUDWXUDGH&2SURGXWRREWLGRGHVWDIRUPDIRLSRVWHULRUPHQWH
ODYDGRFHQWULIXJDGRHVHFR
2.2. Síntese da Hidroxiapatita (HAP)
$VQDQRSDUWtFXODVGH+$3IRUDPVLQWHWL]DGDVSHORPpWRGRGHcoprecipitação &23VHJXLGDGRHQYH-
OKHFLPHQWRSRUhidrotermalização&SRUHK2SURFHGLPHQWRFRQVLVWLXHPSURPRYHULQLFLDOPHQWH
UHDomRHQWUHVDLVGHIRVIDWRFRQWURODQGRVHRS+FRP1+2+HPSUHVHQoDGH1(TXDomR
&D121++32 &D3262+1+12+12 
6tQWHVHGR&RPSyVLWR1E
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:HAP (COP)
$VPHWRGRORJLDVSDUDDREWHQomRGRVFRPSyVLWRVIRUDPDVPHVPDVGHVFULWDVHP(QWUHWDQWRjPH-
WRGRORJLDGRVSUHFXUVRUHVSROLPpULFRVDFUHVFHQWRXVHXPDHWDSDGHDGLomRGHFHUWDPDVVDGH+$3&23jUH-
VLQDREWLGD DQWHV GR WUDWDPHQWR WpUPLFRGHVWD D¿PGHREWHU FRPSyVLWRV FRP UHODo}HVPDVVDPDVVD LJXDLV D
1EO5+$S&23H1EO5+$S&23HQRFDVRGDPHWRGRORJLDKLGURWHUPDOTXDQWLGDGHGH+$3&23SDUDDREWHQomRGHFRPSyVLWRVQDVSURSRUo}HVVXSUDPHQFLRQDGDVIRLDGLFLRQDGDDRPHLRUHDFLRQDODQWHV
GRWUDWDPHQWRWpUPLFRGHVWD
2.4. Caracterização
2VSyVGRVLVWHPD+$31EO5DVVLPFRPRRVSyVGH+$3H1EO5 IRUDPVXEPHWLGRVjVVHJXLQWHVWpF-QLFDVGHFDUDFWHUL]DomR'LIUDomRGHUDLRV;'5;(VSHFWURIRWRPHWULDQDUHJLmRGRLQIUDYHUPHOKR0LFURVFRSLD
(OHWU{QLFDGH9DUUHGXUDFRP)RQWHGH(PLVVmRGH&DPSR0(9)(*
(QVDLRVGHIRWRFDWiOLVHKHWHURJrQHD
3DUDDDYDOLDomRGDHIHWLYLGDGHGRVPDWHULDLVVLQWHWL]DGRV+$31EO5H+$31EO5SDUDIRWRFDWiOLVHHPSUHJRXVHRVPHVPRVFRPPDVVDVYDULDQGRGHDJHPXPYROXPHGHP/GHVROXomRPJ/GR
SHVWLFLGDDWUD]LQD$OGULFK
$VPHGLGDVIRUDPUHDOL]DGDVVREUDGLDomRXOWUDYLROHWDYLVtYHO899LVHPXPUHDWRUIRWRFDWDOtWLFRFRQV-
WLWXtGRSRUXPDFkPDUDGHPDGHLUD1RLQWHULRUGRUHDWRUIRUDPDFRSODGDVVHLVOkPSDGDVTXHHPLWLUDPUDGLDomR
89&/DPSV3KLOOLSV789: LQWHQVLGDGHPi[LPDHPQP6REDFkPDUDIRUDPLQVHULGRVDJLWDGRUHV
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PDJQpWLFRVQRVTXDLVIRUDPSRVLFLRQDGRVRVEpTXHUHVGHP/$OpPGLVVRIRLDFRSODGRXPVLVWHPDGHUHV-
IULDPHQWRjPHVPDD¿PHYLWDURVXSHUDTXHFLPHQWR
$H¿FLrQFLDGDGHJUDGDomRIRLDFRPSDQKDGDSRUHVSHFWURIRWRPHWULD899LVXWLOL]DQGRRHVSHFWURIRW{-
PHWUR6KLPDG]X893&
3. Resultados e Discussão
$VHJXLUHVWmRDSUHVHQWDGRVRVUHVXOWDGRVREWLGRVSHODWpFQLFDGHHVSHFWURIRWRPHWULDQDUHJLmRGRLQIUD-
YHUPHOKRGDVQDQRSDUWtFXODVVLQWHWL]DGDVTXHIRLHPSUHJDGD FRPRIHUUDPHQWDDGLFLRQDOjGLIUDomRGHUDLRV;H
jHVSHFWURVFRSLD5DPDQSDUDFRQ¿UPDUDIRUPDomRGDVIDVHV+$3H1EO5 LQGLYLGXDLVHQRVFRPSyVLWRVHDSRVVtYHOSUHVHQoDGHHVSpFLHVDGVRUYLGDVQDVXSHUItFLHGDVDPRVWUDV
)LJXUD(VSHFWURVQDUHJLmRGRLQIUDYHUPHOKR)7,5GDVDPRVWUDVGH+$3FRSUHFLSLWDGDDWHPSHUDWXUD
DPELHQWHDHREWLGDVYLDSUHFXUVRUHVSROLPpULFRVD&SRUK33E33FH1E233G
)LJXUD(VSHFWURVQDUHJLmRGRLQIUDYHUPHOKR)7,5GDVDPRVWUDVGH+$3FRSUHFLSLWDGDDWHPSHUDWXUD
DPELHQWHDHKLGURWHUPDOL]DGDVD&SRUK+E+FH1E2+G
$VVLPFRPRQRPpWRGRGRVSUHFXUVRUHVSROLPpULFRV)LJXUDEFYHUL¿FDVHTXHQRVFRPSyVLWRVREWLGRV
SRUKLGURWHUPDOL]DomR)LJXUDEFHVWmRSUHVHQWHVDVEDQGDVGD+$3HGR1EO5VXJHULQGRTXHDLPSUHJQDomRRFRUUHXFRPRGHVHMDGR
$)LJXUDDSUHVHQWDRVUHVXOWDGRVREWLGRVQDIRWRGHJUDGDomRGDDWUD]LQDPJ/QDSUHVHQoDGHJ
GH+$31EO533H+GRVFRPSyVLWRV33H+H33H+2EVHUYDVHTXHRVFRPSyVLWRVREWLGRVQmRSRWHQFLDOL]DUDPVLJQL¿FDWLYDPHQWHSURFHVVRGHIRWRGHJUDGDomRGDDWUD]LQD$SUHVHQoDGH1EO533HGH+$3LQÀXHQFLRXPDLVLQWHQVDPHQWHHVWHSURFHVVRGRTXHTXDOTXHUQDQRFRPSyVLWRVLQWHWL]DGRSRUHVWDPHWRGRORJLD
)LJXUD  &XUYD GH IRWRGHJUDGDomR GD DWUD]LQD VRE UDGLDomR XOWUDYLROHWD QD SUHVHQoD GH  J GH
+LGUR[LDSDWLWD+$31EO533H+GRVFRPSyVLWRV33H+H33H+
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7DEHOD9DORUHVGDVFRQVWDQWHVGHYHORFLGDGHSDUDDGHJUDGDomRGDDWUD]LQDQDSUHVHQoDGHJGR
IRWRFDWDOLVDGRUFDOFXODGDVFRQVLGHUDQGRTXHHVWHSURFHVVRpGHSVHXGRSULPHLUDRUGHP
Amostra NPLQ
+$3 
1EO533 33 
33 
1EO5+ + 
+ 
Composição 1:4 = 1HAP:4NbO5; Composição 1:6 = 1HAP:6NbO5; PP = Sintetizado pelo método dos Precur-
sores Poliméricos; H12 = Sintetizado por hidrotermalização.
4. Conclusões
2VUHVXOWDGRVREWLGRVSHUPLWLUDPFRQFOXLUTXHIRUDPREWLGDVQDQRSDUWtFXODVGH+$3SRUFRSUHFLSLWDomR
HGH1EO5SHORPpWRGRGRVSUHFXUVRUHVSROLPpULFRVHKLGURWHUPDOPRQRIiVLFDVHFULVWDOLQDVVHQGRSDVVtYHLVGHDSOLFDomRHPIRWRFDWiOLVHKHWHURJrQHDSDUDDGHJUDGDomRGDDWUD]LQD)RLSRVVtYHODREWHQomRGRVFRPSyVLWRVFRP
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GRSURFHVVR
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